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This invention relates to metal working 
machines, and while capable of general use, 
is particularly adapted for machining or pro 
filing the walls of compression recesses 
formed in cylinder heads for hydrocarbon 
motors. 

Cylinder heads for hydrocarbon motors 
have heretofore been cast with compression 
recesses therein of tapered depth, and it fre 
quently happens that irregularities occur in 
the contours of the compression recess Such 
as to produce variation in compression of the 
several cylinders of the hydrocarbon motor 
with the resulting defective operation of the 
latter. it has therefore been proposed to ma 
chine the walls or surfaces of the tapered 
compression recesses uniformly to produce 
Iniform compression in the cylinders of the 
hydrocarbon motor and the principal object 
of the present invention is to provide an 
improved mechanism for profiling a com 
pression recess and one which is adapted to 
profile a tapered compression recess which is 
undercut at its deeper portion around the 
valves and has certain recognized advances 
over tapered compression recesses heretofore 
employed. - 

Other objects of this invention are to pro 
vide an improved mechanism which embodies 
a swinging work holder or cradle and swing 
ing mills cooperating therewith to machine 
the entire surfaces of the tapered compression 
recesses: which includes an arrangement of 
swiveled mills or cutters and a swinging cyl 
inder head support, that enables the walls 
of the tapered recesses to be undercut at the 
deeper portions thereof; which insures a pos 
itive and continuous drive for the mills or 
cutters during their swinging movement, 
through the medium of flexible driving con 
nections for said cutters with a source of 
power; and which is a simply constructed, 
expeditious, and highly efficient mechanism 
for machining the walls of tapered compres 
sion recesses or for profiling various other 
classes of work. 

in order to more clearly understand this 
invention, reference may be had to the ac 
compallying drawings which illustrate one 

strumentalities hereinafter described. Fixed 
on the driven shaft 15 is a bevel gear 18 that 

1927. Serial No. 185,626. 
embodiment of the inventive idea and 
wherein:- . -- 

Fig. 1 is a detail perspective view of the 
machine, with parts omitted for purposes 
of clearer illustration; 

Fig. 2 is a side elevation of the machine 
shown in. Fig. 1; - 

Fig. 3 is a vertical sectional view on the 
line 3-3 of Fig. 1; - 

Fig. 4 is a fragmentary bottom plan view 
of a cylinder head, showing diagrammati 
cally the machining and undercutting oper 
ations; . - 

Figs. 5 and 6 are sectional details, showing 
the manner of machining and undercutting 
the Wall of a tapered compression recess in 
the direction of its length; and 

Fig. 7 is a sectional detail, showing the 
manner of machining and undercutting the 
Wali of the recess laterally thereof. 

Referring to the drawings, wherein lik 
reference characters designate like parts 
throughout the several views, 5 indicates the 
base of the machine provided at the rear 
thereof with a vertical column 6. Extend 
ing forwardly from the column 6 is a head 
7 that overhangs a table 8 at the top of the 
base 5 (Figs. 1, 2 and 3). The machine may 
be driven from any desired source of power. 
As here shown, there is bolted or otherwise 
suitably secured at 9, 9 on the column 6, an 
electric motor 10 (Fig. 3) the armature shaft 
11 of which has fixed thereon a pulley 12 
around which passes a belt 13. This belt 
also passes around a pulley 14 loosely 
mounted on one extremity of a driven shaft 
15 that is journaled in suitable bearings 16, 
16 on a saddle 17 which projects forwardly 
from the head 7 at the upper end thereof. 
The driven shaft 15, as clearly shown in 

Fig. 1, extends horizontally across the ma 
chine to the opposite sides thereof, and con 
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stitutes the main source of power for im 
parting motion to the various movable in 
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meshes with a similar gear 19 rigidly se 
cured on one end of a shaft 20 disposed sub 
stantially at right angles to the shaft 15 and 
journaled in suitable bearings 21, 21 on the 00 
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upper surface of the head 7. The opposite 
end of the shaft 20 has fixed thereon a bevel 
gear 22 that meshes with a similar gear 23 
rigidly secured on the upper end of a vertical 
shaft 24 that is journaled in suitable bearings 
25, 25 on the column 6 and projects down 
Wardly therein at one side of the machine. 

Fixed on the lower end of the shaft 24 is 
a bevel gear 26 that meshes with a similar 
gear 27 that is keyed or otherwise rigidly 
secured on a shaft 28 journaled in suitable 
bearings in the column 6 and extending there 
through to the opposite sides of the machine. 
This shaft 28 has fixed thereon a cam 29 
which, from the above described driving con 
nections, serves to swing a work support Or 
cradle 30 toward the rear and front of the 
machine through the medium of the follow 
ing devices. Pivotally mounted at 31 on a 
bracket 32 within the column 6 is an arm 33 
provided intermediate its ends with a roller 
34 that engages in the groove 35 of cam 29. 
Pivotally connected at 36 with the free end 
of the arm 33 is a rod 37 that is also pivotally 
connected at 38 with an ear or lug 39 that 
projects rearwardly from the cradle 30. The 
rod 37, as clearly shown in Fig. 3, extends 
outwardly through a suitable opening in 
column 6 and is preferably made in two 
parts connected together by a turnbuckle 40 
or other suitable device for adjusting the 
length of said rod and thereby regulating the 
amount of swinging movement imparted to 
the cradle 30 by the cam 29. 
The cradle 30 is preferably mounted to 

swing rearwardly and forwardly of the ma 
chine on an axis Substantially parallel with 
that of the driven shaft 15 and for this pur 
pose the side walls 41, 41 of said cradle are 
provided with trunnions 42, 42 journaled in 
bearings provided by brackets 43, 43 and 
bearing blocks 44, 44 bolted or otherwise 
suitably secured at 45, 45 to the brackets 43, 
43 (Fig. 1). The brackets 43, 43 are se 
cured to or formed integrally with a saddle 
46 (Fig. 3) that projects forwardly from the 
head 7 at the lower part thereof, and said 
brackets, together with the blocks 44, 44, 
facilitate the mounting of the cradle 30 in or 
removal of the same from, the bearings pro 
vided by the brackets 43, 43 and the blocks 
44. 44. 
The Work holder or cradle 30 has bolted 

or otherwise suitably secured to the top there 
of a frame 47 through an opening 48 of 
which a plurality of rose end mills or cutters 
49, 49 extend to engage with the work to be 
machined or profiled. As herein disclosed 
the work consists of a cylinder head 50 that 
is Supported in the cradle 30 in an inverted 
position against the frame 47 and provided 
with tapered compression recesses 51, 51, the 
walls of which are machined and undercut 
by the mills or cutters 49, 49 in a manner to 
be hereinafter described. The cylinder head 
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50 is placed within the cradle through the 
front thereof which is open for this purpose, 
said cylinder head preferably being engaged 
with pins 52 and 53 on the cradle and clamped 
therein against the frame 47 by a clamping 
head 54. 
The clamping head 54 is rotatably secured 

on the upper end of a vertical screw shaft 55 
threaded through a suitable opening in the 
bottom 56 of the cradle and adjustable up and 
down therein through the medium of a hand 
wheel 57 rotatably mounted on the bottom 56 
of the cradle (Fig. 3). The hand, wheel 57 
is retained against displacement, by engage 
ment with a groove 58 formed on the rear 8 
wall 59 of the cradle 30. During movement 
of the shaft 55 and the clamping head 54, ro 
tation of the latter is prevented by a pin 60 
that projects rearwardly from said head 
through a suitable opening formed in the 
rear wall 59 of said cradle. In order to pre 
vent, undue strain on the top and bottom Walls 
of the cradle by the clamping of the Work 
therein, said cradle is provided with a strut 
bar 61 arranged to extend across the open 
front of the cradle and pivoted at 62 to the 
top thereof so that said bar may be swung 
upwardly out of the way when the work is 
being placed in the cradle. After the work 
has been positioned in the cradle, the bar 61 
is swung downwardly and Secured to the bot 
tom wall 56 of the cradle by a block 63 ad 
justably mounted on the lower end of the bar 
61 and adapted to be connected with the 
cradle 36 by a pin 64 or other suitable fasten 
ing means. After the lower end of the bar 
has been secured to the bottom of the cradle, 
the work is clamped in said cradle as above 
described. 
With the parts in the full line positions 

shown in the drawings, the work is ready for 
the machining and undercutting operations 
performed by simultaneously swinging the 
cradle 30, driving the tools or cutters 49, 49, 
and Swinging the latter on axes extending 
transversely of the path of Swinging move 
ment of the cradle and the cylinder head car 
Iried thereby. The mechanism for swinging 
the cradle has already been described, and the 
mechanism for driving the cutters and swing 
ing them in the manner stated is preferably 
constituted by the following instrumentali 
ties. The mills or cutters 49, 49, at the begin 
ning of the machining and undercutting op 
erations, preferably engage the walls or sur 
faces of the compression recesses 51, 51, at 
the shallower ends thereof. These mills or 
cutters are rotatably mounted in tool holders 
65, 65 adjustably mounted in any desired 
manner on swiveled heads or carriers 66, 66 i23 
so as to provide for the depth of cut to made 
in the compression recesses and, if desired, 
for Inovement of the mills or cutters into and 
out of said recesses through the opening 43 in 
frame 47. As herein shown, the tool holders 
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65, 65 are adjustable lengthwise of the 
swiveled heads 66,66 on guides 66,66 of the 
latter, and said holders may be secured in the 
desired position of adjustment on the heads 
66, 66 by set screws 66', 66 or other suit 
able means. The swiveled heads 66, 66 are 
provided on the rear thereof with trunnions 
67, 67 journaled in suitable bearings in the 
saddle 46 and having their axes extending 
transversely of the pivotal axis of the cradle 
30 and preferably at right angles thereto. 
The heads 66,66 swing on a smooth machined 
surface provided by the front face of the 
saddle 46, and each trunnion 6 is provided 
on the end thereof opposite that carrying the 
head 66 with a retaining nut 68 for prevent 
ing displacement of the swiveled head from 
its bearing in the Saddle 46. 
The heads 66,66 with the driven mills or 

cutters 49, 49 thereon are swung simultane 
ously by any suitable means such as a rod 69 
pivotally connected at 70, 70 with said heads 
and reciprocated by a link 1 one end of 
which is pivotally connected at 72 with the 
rod 69. The opposite end of the link 71 is 
pivotally connected at 3 with the free end 
of an arm 74 pivoted at 75 on the overhang 
ing head 7 and carrying a roller 6that en 
gages in a groove of a cam S. The con 
nection for the link 1 with the arm 4 is 
preferably constituted by the pivot 3. that 
extends through a slot 3 in the arm 74 and 
is adjusted in said slot by a screw 3’’ 
to eliminate variation in cutting by the mills g OS 
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5 or cutters 49, 49, when they wear down or 
are ground. The cam 78 is fixed on the 
front end of a shaft 9 journaled in suitable 
bearings on the head and enclosed in a 
housing 80 secured thereto. Fixed on the 
rear end of the shaft, 79 is a worm wheel 81. 
that meshes with a worm 82 rigidly Secured 
on the upper end of a vertical shaft, 83 dis 
posed at the side of the inachine opposite 
that carrying the shaft, 24. The worm wheel 
81, worm 82, and the upper end of the shaft, 
83, are enclosed in an enlarged portion 84 of 
the housing 80, the lower end of the shaft 
83 projecting into a housing 85 secured to 
the adjacent side of the column 6 near the 
bottom thereof. Fixed on the lower end of 
the shaft 83 is a worm 86 that meshes with a 
worm wheel 87 keyed or otherwise rigidly 
secured on the shaft 28 which also extends 
into the housing 85. it will thus appear 
that the shaft, 28 through the shaft, 83, shaft, 
80, and gearing connecting the same, Serves 
to drive the can 78 as weii as the devices for 
swinging the cradle 30. 

During swinging movement of the heads 
66, 66 and the cradle 30, the rose end milis 
or cutters 49, 49 are driven by means that 
preferably include flexible connections pro 
viding for Swinging movement of the heads 
66, 66 and cutters 49, 49 as the latter are ro 
tated. As herein shown, these flexible co 

3. 

nections are comprised by telescoping shafts, 
the parts 88, 88 and 89, 89 of which rotate 
together and slide one within the other as 
the heads 66, 66 are oscillated. The parts 
88, 88 of the telescoping shafts are connected 
by universal joints 90,90 with tool spindles 
91, 91 that carry the mills or cutters 49, 49 

escoping shafts are connected by universal 
joints 92, 92 with the lower ends of stub 
shafts 93.93 that are journaled in suitable 
bearings in a forwardly extending part 94 
of the saddle 17. Fixed on the upper end of 
the stub shafts 93, 93 are worm wheels 95, 95 
which mesh with a worm 96 fixed on the shaft 
15 and thus serve to drive the mills or cut 
ters 49, 49 through the described flexible 
connections. . . . . . 

In the operation of the machine, the mills 

and are journaled in the adjustable tool. 
holders 65, 65. The parts 89,89 of said tel is 
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or cutters 49, 49 are engaged with the walls 
of the tapered compression recesses 51, 51 at 
which time the parts of the machine Occupy 
the full line positions shown in the drawings. 
The machine is then started, as by throwing 
in a clutch (not shown) interposed between 
the pulley 14 and the driven shaft 15. There 
after, the shaft 15 through the driving con 
nections therefor with the cradle 30 and the 
mills or cutters 49, 49, rotates said cutters 
and swings the cradle. During Swinging 
movement of the cradle 30 and the cylinder 
head 50 thereon, Swinging movement is im 
parted to the driven mills or cutters 49, 49, 
transversely of the path of Swinging move 
ment of the cylinder head 50, by the cam 78 
and connections therefrom with the swiveled 
heads 66,66. By these movements of the 
cutters and the cylinder head, the walls of the 
tapered compression recesses 51, 51 are ma 
chined over the entire surfaces thereof and 
are undercut at the deeper portions of the 
recesses. In the machining and undercut 
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ing operations the mills or cutters 49, 49 
follow closed paths conforming with the 
margins of the compression recesses and 
identical in configuration. One of these 

110 

paths is illustrated diagrammatically in Fig. 
4 where A represents the traverse of the axis 
of the cutter, and B, C, D, E, F, and G rep 
resent, in the order named, positions succes 
sively occupied by the cutter as the latter and 
the work swing relatively in the manner 
stated. The undercutting preferably be 
gins at the position C, ends at the position F, 
and is greatest at the positions D and E 
where are located the deeper portions of the 
recess that lay over the valves when the head 
50 is secured on the internal combustion en 
gine above the cylinders thereof. 

It will thus appear that the machining and 
undercutting of the walls of the tapered com 
pression recesses with the mills or cutters 49, 
49, results from motion having two compo 
nents which are circular arcs disposed in 
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intersecting planes that preferably extend 
Substantially at right angle to each other. 
One of these components is obtained by the 
fore and aft, swing of the cradle 30 relative 
to the cutters which, as illustrated diagram 
matically in Figures 5 and 6, machine the 
walls of the tapered compression recesses in 
the direction of the lengths thereof. The 
other component is obtained by the Swinging 
movement of the cutters which, as shown dia 
grammatically in Fig. , also machine the 
walls of the tapered compression recesses lat 
erally thereof. 

in Some types of cylinder heads, the com 
pression recesses thereof have reentrant por 
tions such as indicated at H, H., (Fig. 4). In 
this case, the groove 35 of the can 29 may be 
provided with a lobe 96 (Fig. 3) that imparts 
an additional motion to the cradie 30 so that 
the mills or cutters 49, 49 follow the margins 
of the reentrant portions , , thus insuring 
accurate machining of the surfaces thereof. 
After the machining and undercutting oper 
ations have been completed, the clutch above 
referred to is thrown out to stop the machine 
so that the parts thereof occupy the full line 
positions shown in the drawings. In this 
position of the parts, the mills or cutter's 49, 
49 are, as when initially engaged with the 
Work, disposed in the shallower portions of 
the tapered compression recesses 51, 51. The 
cylinder head 50 may then be readily removed 
from the cradle 30 by unciamping the head 54 
and Swinging the strut bar 61 upwardly about 

pivot, 62. 
It is to be expressly understood that mech 

anism constructed in accordance with the 
present invention may be employed not only 
for machining cylinder heads but for machin 
ing or profiling other classes of work, and 
that while One embodiment of the inventive 
idea, has been illustrated and described here 
in with more or less detail, the invention is 
not limited to such embodiment, or otherwise 
than by the terms of the appended claims. 
What is claimed is: 
1. In a machine of the character described, 

a work holder arranged for oscillating move 
met and adapted to support, Work therein, 
means for oscillating the work holder and the 
work, a driven cutting tool extending in the 
work holder for engagement with the work 
and arranged to Oscillate in the Work holder 
about, an axis extending transversely of the 
axis of oscillation of said work holder, and 
means for oscillating the driven cutting tool 
within the work holder during osciliating 
movement of the latter and the work, where 
by Said too cuts into and machines said work. 

2. In a machine of the character described. 
a driven clitting tool arranged for oscillating 
movement, means for oscillating the driven 
cutting tool, a work holder in which the 
driven cutting tool extends and oscillates, 
means Supporting said Work holder for oscil 
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lating movement about an axis extending 
transversely of the axis of Oscillation of the 
driven cutting tool, and means for oscillating 
the Work holder during Oscillating movement 
of the driven cutting tool therein, whereby 
said too cuts into and machines work Sup 
ported within the work holder and oscillating 
therewith. 

3. In a machine of the character described, 
a work holder arranged for oscillating movea 
ment, means for oscillating the work holder, 
a tool holder arranged for Oscillating move 
Inent about an axis extending transversely 
of the axis of Oscillation of the work holder, 
a driven cutting tool on the tool holder ex 
tending therefrom into the Workholder to os 
cillate therein, and means for Oscillating said 
tool holder and the driven cutting tool dur 
ing Oscillating movement of the work hold 
ci', whereby said tool cuts into and machines 
Work supported in the work holder and oscil 
lating there with. 

4. In a machine of the character described, 
a tool holder arranged for Oscillating move 
ment, a driven cutting tool on the tool hold 
er, means for oscillating the tool holder and 
the driven cutting tool, a work holder into 
which the driven cutting tool extends from 
the tool holder, means supporting the work 
holder for oscillating movement about an axis 
extending transversely of the axis of oscil 
lation of the tool holder and the driven cut 
ting tool, and means for oscillating the work 
holder during oscillating movement of said 
tool holder and the driven cutting tool, where 
by said tool cuts into and machines work 
Supported in the work holder and oscillating 
therewith. 

5. In a machine of the character described, 
a Cradle and a driven cutting tool extending 
into Said. Cradle, both said cradle and said 
tool being arranged for oscillating movement 
each transversely of the other, a driven shaft, 
a flexible driving connection between the 
driven shaft and the driven cutting tool and 
providing for Oscillating movement of the 
cutting tool in the cradle while said tool is 
being driven by said shaft, and means for 
automatically and simultaneously oscillating 
the cradle and the driven cutting tool, where 
by Said tool cuts into and profiles work en 
gaged there with and carried in said cradle. 

6. In a machine of the character described, 
a work holder and a driven cutting tool there 
in both arranged for oscillating movement 
each transversly of the other, a driven shaft, 
a telescopic shaft, universal connections for 
the parts of the telescopic shaft with the 
driven shaft, and the driven cutting tool and 
providing for oscillating inovement of the 
latter in the work holder while Said tool is 
being driven by said shaft, and means for 
simultaneously oscillating the work holder 
and the driven cutting tool therein, whereby 
said tool cuts into and machines work Sup 
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ported within said work holder and oscillat 
ing therewith. . . 

7. In a machine of the character described, 
a cradle arranged for Oscillating movement, . . . . 

Within the latter, and means for simultane a tool carrying head arranged to oscillate 
transversely of the path of oscillating move 
ment of the cradle, a cutting tool rotatably 
mounted on the tool carrying head and ex 
tending therefrom into the cradle to rotate 
and oscillate therein, a driven shaft for ro 
nection between the driven shaft and the cut 
ting tool and providing for OScillating in ove 
ment thereof in the cradle while said tool is 
being rotated by said shaft and said connec 
tion, and means for simultaneously oscil 
lating the cradle and the tool carrying head 
transversely of each other, whereby said tool 
cuts into and machines work Supported in 
said cradle. and osciliating there with. 

8. In a machine of the character described, 
an oscillating cradle, a swiveled head ar 
ranged to oscillate transversely of the path 
of oscillating movement of the cradle, a tool 
holder adjustably mounted on the swiveled 
head and carrying a rotatable cutting tool 
extending in the cradle and adapted to oscil 
late with said head, means for driving the 
cutting tool providing for Oscillating move 
ment thereof in the cradle, and means for 
automatically and simultaneously oscillat 
ing said elements, whereby the tool cuts into 
and profiles work engaged there with and Se 
cured in the cradle. . . . . . 

9. In a machine of the character described, 
a pivoted work holder, a tool carrying head 
swiveled at one side to Swing transversely 
of the direction of 'swinging movement of 
the work holder, a driven cutting tool rotat 
ably mounted on the opposite side of the tool 
carrying head and adapted to engage work 
supported on said work holder, means for 
swinging the swiveled tool carrying head and 
the driven cutting tool, and means for swing 
ing the work holder and the work during 
swinging movement of the swiveled head and 
the driven cutting tool, whereby said tool 
cuts into and machines said work. 

50 
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10. In a machine of the character described, 
a hollow work holder trunnioined thereon, 
means for Swinging the hollow work holder, 
a swiveled tool carrying head arranged to 
Swing transversely of the path of Swinging 
movement of the work holder and simultane 
ously therewith a driven cutting tool 
mounted on said swiveled head to swing 
therewith and extending in the hollow work 
holder to cut into and profile Work therein 
during said Swinging movements, and means 
for swinging the swiveled head comprising a 
driven cam and a member reciprocated there 
by and operatively connected with said swiv 
eled head. 

11. In a machine of the character described, 
an oscillating work holder, means for im 

5 

parting Oscillating motion thereto, a plural 
ity of driven cutting tools arranged to oscil 
late transversely of the path of oscillating 
movement of the work holder and extending 
ously oscillating said tools in the work holder 
during Oscillating movement of said work 
holder, whereby the tools cut into and profile 
work engaged therewith and carried in the 
work holder. . 

12. in a machine of the character described, 
an oscillating work holder, means for im 
arting OScillating motion thereto, a plural 

ity of tool carrying heads arranged to oscil 
late transversely of the 
movement of the work holder, a driven cut 
ting tool on each of said heads extending 
therefrom into the work holder and adapted 
to cut into and profile work Supported therein 
during oscillating movement of the work 
holder, means for driving the tools providing 
for oscillating movement of the same with 
the tool carrying heads and within the work 
holder, and means for simultaneously oscil 
lating said heads and the driven tools carried 
thereby. . . . . 

13. In a machine of the character described, 
a pivotally mounted work holder, means for 
in parting Swinging motion thereto, a plural 
ity of tool carrying heads arranged to swing 
transversely of the path of swinging move 
ment of the work holder, a cutting tool ro 
tatably mounted on each of said heads and 
extending therefrom into the work holder to 
Swing therein and engage work Supported 

path of oscillating. 
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within the same, a driven shaft, flexible driv 
ing connections for said shaft with the tools 
adapted to rotate the same and providing for 
Swinging movement of said tools with the 
Swinging heads and within the work holder, 
and means for simultaneously swinging the 

105 

tool carrying heads during swinging move 
ment of the work holder whereby several por 
tions of the work carried in the latter in en 
gagement with the driven tools are simul 
taneously cut or machined and profiled thereby. 

14, in a machine of the character described, 
an Oscillating work holder adapted to sup. 
port a cylinder head therein having tapered 
compression recesses, means for swinging the 
work holder and said cylinder head, a plural 
ity of driven mills or cutters arranged to 
Swing transversely of the path of swinging 
movement of the cylinder head and extending 
within the work holder to engage the walls of 
the compression recesses, and means for si 
multaneously swinging the driven mills or 
cutters in the work holder during Swinging 
movement of the latter and the cylinder head, 
whereby said mills or cutters cut or machine 
the walls of the compression recesses and 
undercut said walls at the deeper portions of 
the recesses. 

15. In a machine of the character described, 
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an Oscillating work holder adapted to sup 
port a cylinder head therein having tapered 
compression recesses, means for swinging the 
work holder and said cylinder head, a plu 

5 rality of devices swiveled on the machine to 
swing transversely of the path of swinging 
movement of the work holder and the cyl 
inder head, a corresponding number of driven 
mills or cutters carried by said swiveled de 
vices and extending therefrom into the work 
holder to swing therein and engage the walls 
of the tapered compression recesses, and 
means for simultaneously swinging said 
swiveled devices during swinging movement 
of the work holder and the cylinder head, 
whereby said mills or cutters cit or inachine 
the Walls of the tapered compression recesses 
and undercut said walls at the deeper portions 
of the recesses. 

16. In a machine of the character described, 
a work holder trunnioned thereon adapted to 
Support a cylinder head having tapered coin 
pression recesses therein, means for swinging 
the work holder and said cylinder head, a plu 
rality of driven mills or cutters arranged to 
Swing transversely of the path of swinging 
movement of the cylinder head and engage 
the walls of the tapered compression recesses, 
a driven shaft, a plurality of telescoping 
shafts, universal connections for the parts of 
each telescoping shaft with the driven shaft, 
and one of said mills or cutters, and means 
for simultaneously swinging the driven mills 
or cutters during swinging movement of the 
cylinder head, whereby the mills or cutters 
machine the walls of the tapered compression 
recesses and undercut said walls at the deeper 
portions of the recesses. 

17. In a machine of the character described, 
a work holder trunnioned thereon adapted to 
Support a cylinder head having tapered coin 
pression recesses therein, means for swinging 
the work holder and said cylinder head, a 
plurality of devices swiveled on the machine 
to Swing transversely of the path of swinging 
movement of the work holder and the cylinder 
head, a plurality of driven mills or cutters 
each mounted on One of said swiveled de 
vices and adapted to engage the wall of one 
of the tapered compression recesses, a recipro 
cating element connected with each of the 
swiveled devices for simultaneously swinging 
them to rock the driven mills or cutters in the 
tapered compression recesses, and a can for 
reciprocating said element during swinging 
movement of the work holder and cylinder 
head, whereby the mills or cutters machine 
the Walls of the compression recesses and 
undercut said walls at the deeper portions of 
the recesses. 

18. In a machine of the character described, 
a work holder for supporting a cylinder head 
having compression recesses therein of 
tapered depth, means Supporting said work 

cj holder for Swinging movement rearwardly 
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and forwardly of the machine, means for 
Swinging the work holder and the cylinder 
head thereon, a plurality of driven mills or 
cutters arranged to engage the walls of the 
tapered compression recesses and mounted to 
Swing toward opposite sides of the machine 
across the path of Swinging movement of the 
work holder and the cylinder head, and means 
for Swinging the driven mills or cutters si 
Inultaneously during Swinging movement of 
the work holder and cylinder head, whereby 
said mills or cutters simultaneously machine 
the Walls of the tapered compression recesses 
and undercut said walls at the deeper por 
tions of the recesses. - 

19. In a machine of the character described, 
a cradle arranged at the front thereoi to slip 
port a cylinder head having compression re 
cesses therein of tapered depth, bearings for 
said cradle providing for swinging movement 
of the same rearwardly and forwardly of the 
machine, means for Swinging the cradle with 
the cylinder head secured thereon, a plurality 
of driven mills or cutters adapted to engage 
the Walls of the tapered compression recesses 
and arranged in line across the front of the 
machine for swinging movement laterally of 
the path of Swinging movement of the cradle 
and the cylinder head, and means for swing 
ing the driven mills or cutter's simultaneously 95 
during Swinging movement of the cradle and 
cylinder head, whereby said mills or cutters 
machine the walls of the tapered compres 
sion recesses and undercut said walls at the 
deeper portions of the recesses. - 

20. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a cradle trunnioned on said 
head for Swinging movement and adapted 
to Support a cylinder head having compres- 05 
sion recesses therein of tapered depth, means 
for Swinging the cradle and the cylinder head 
thereon, a plurality of driven mills or cut 
ters adapted to engage the walls of said re 
cesses and mounted on the head of said col- 110 
umn for Swinging movement laterally of the 
path of Swinging movement of the cradle 
and the cylinder head, and means for swing 
ing the driven mills or cutters simultaneously 
during SWinging movement of the cradle and 215 
cylinder head, whereby said mills or cutters 
machine the walls of the tapered compression 
recesses and undercut said walls at the deeper 
portions of the recesses. 

21. In a machine of the character de- 120 
scribed, a work holder for supporting a cylin 
der head having compression recesses therein 
of tapered depth, means supporting said 
Work holder for swinging movement, rear 
Wardly and forwardly of the machine, a plu- 125 
rality of tool-carrying heads mounted on said 
means to SWing toward opposite sides of the 
machine laterally of the path of swinging 
movement of the work holder and the cylin 
der head, a driven mill or cutter mounted i30 
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on each of said tool-carrying heads to swing 
therewith and adapted to engage the wall of 
One of the tapered compression recesses, and 
means for Swinging the tool-carrying heads 
of the work holder and cylinder head, where 
by the driven mills or cutters machine the 
Walls of the tapered compression recesses 
and undercut said walls at the deeper por 
tions of the recesses. 

22. In a machine of the character de 
scribed, a work holder for supporting a cylin 
der head having compression recesses therein 
of tapered depth, means supporting said 
work holder for Swinging movement rear 
Wardly and forwardly of the machine, means 
for swinging the work holder and the cylin 
der head thereon, a plurality of tool-carrying 
heads SWiveled on said first named means to 
Swing toward opposite sides of the machine 
laterally of the path of Swinging movement 
of the work holder and the cylinder head, a 
tool holder mounted on each swiveled head 
to Swing therewith and adjustable length 
wise of said swiveled head, a driven mill or 
cutter rotatably mounted on each tool holder 
and adapted to engage the wall of one of 
the tapered compression recesses, and means 
for Swinging the swivelled heads simultane 
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y so 

holder and cylinder head, whereby the driven 
mills or cutters machine the walls of the 
tapered compression recesses and undercut 
CeSSeS. ... - - - - - - . . . . " 

23. In a machine of the character de 
scribed, a column or the like having an over 
hanging head projecting therefrom, a cradle 
mounted on said head to depend therefrom 

8 and swing toward and away from the col 
umn, a driven tool mounted on the overhang 
ing head to extend downwardly therefrom 
into the cradle and Swing transversely of the 
path of Swinging movement of the latter and 
means for Swinging the cradle and the driven 5 

tool therein simultaneously, whereby said 
tool profiles work engaged there with and car 
ied in the cradle. - 
24. In a machine of the character de 

5 () Scribed, a column or the like having an over 
hanging head projecting therefroin, a cradle 
mounted on said head to depend therefrom 
and Swing toward and away from the column, 
a tool carrier swiveled on the overhanging 
head to swing transversely of the path of 
swinging movement of the cradle, a driven 
tool mounted on said tool carrier and ex 
tending downwardly into the cradle, and 
means for swinging the cradle and the swiv 
eled tool-carrying head simultaneously, 
whereby the driven tool profiles work en 
gaged there with and carried in the swinging 
cradle. ... ...' 

25. In a machine of the 

simultaneously during swinging movement 

profiles work engaged therewith and carried 

hanging head projecting therefrom, a cradle 

otlsly during swinging movement of the work 

said walls at the deeper portions of the re 

Scribed, a coil 

carrier's holin 

swinging movement of the work holder, a 

ion for the tool with said driven shaft, a 

7 

hanging head projecting therefrom, a cradle 
not inted on said head to Swing thereunder 
toward and away fron the column, a driven 
tool extending in the cradle and pivoted 
thereabove on the overhanging head to Swing 70 
in the cradle transversely of the path of 
Swinging ovement of the latter, and means 
for Swinging the cradle and the driven tool 

simultaneously, whereby said tool therein 5 

in the Swinging cradle. - - 
26. In a machine of the chai'acter de 

scribed, a coiulian or the like having an 
Y 

E8 is 

depending iron gaid ind 
thereon to swing toward and away if the 
column, a tool carrier extending in the cradie 
and swiveled thereabove on the front of saic 
overhanging head to swing transversely of 
the path of Swingiig novement of said cra 
die, a driven tool innolunted on the swiveled 
tool carrier to swing there with in the cradle 
and e3ngage work car; ied herein, and neans 
for swinging the cradle and the tool carrier. 
simultaneously, whereby the diiven tool pro 
files said work. - 

27. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a workin older nounied on said 
head to swing forwardly and i'earwardly of 
the machine, a pitra iven tools 
Isaouinied above the work holder aid swiveled 
On the overhanging head to swing trans 
versely of the path of S Singing movement 
of the work holder, means for swinging the 100 
work holder, and neas for Swinging the 
driven tools similitai:eously during swing 
ing movement of the York holder, whereby 
said tools profile work engaged these with 
and carried on the work holder. 

28. In a hackie of the gharacter 
like lay 
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85 
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hanging head, a work holdier inolin 
Swing thei'ei Linder real' 8 y ". forwardly of tha machine, a pl.:": 10 
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the c 
versely of 

se: } b o y g i. 2. 9. y i ! 

Swiveled oi 
. - head to Swing 

driven tool mounted on each of said tool car 
riers to swing there with, means for swinging 
the work holder, and means for Swinging the 
Swiveled tool carriers Siiral tale 
swinging movement of the work a 
whereby the driven tools profile work en- 20 
gaged there with and carried on the work 
holder. . . . . 

29. in a 
Scribed, a column oil the 
hailaging head, a saddle 
head, a driven shaitjournaled on said: 
a tool swiveled on the fron; of &le ove 
hanging head to Swing toward opposite sides 
of the machine, a flexible driving connec 
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work holder mounted on the overhanging 
head to swing thereunder transversely of the 
path of swinging novement of the driven 
tool, and means for swinging said tool and 
the work holder simultaneously, whareby the 
too profiles work engaged there with and car 
ried on the swinging work holder. 

30. In a machine of the character 
scribed, a column or the like having an over 
hanging head, a driven shaft, journaled on 
said head, a plurality of tools swiveled on 
the front of the overhanging head to swing 
toward opposite sides of the machine, flex 
ible driving connections for the Swinging 
tools with said driven shaft, a work holde!' 
mounted on the overhanging head to swing 
transversely of the path of Swinging nove 
ment of the driven tools, and means for 
Swinging the work holder and the driven 
tools simultaneously, whereby said tools pro 
file work engaged therewith and carried on 
the Swinging work holder. 

31. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a driven shaft joli'naled on 
said head, a plurality of tool carriers ar 
ranged in a linement across the front of the 
overhanging head and swiveled thereon t} 
swing toward opposite sides of the inachine, 
a tool rotatably hounied on each of said tool 
carriers and flexibly connected with the driv 
en shaft to provide for Swinging movement 
of said carriers and the driven tools there 
on, a cradle trunnioned on the overhanging . 
head to swing below the driven tools for. 
ardly and rearwardly of the machine, and 

means for swinging the tool carriers and the 
cradle simultaneously, whereby the tools pro 
file work engaged there with and carried on 
the cradle. 

32. In a machine of the character de 
scribed, a column or the like having an over 
hanging head extending forwardly thereof 
from, a driven shaft journaled on said head, 
a plurality of mills or cutters arranged in 
line across the front of the overhanging head 
and swiveled thereon to swing toward oppo 
site sides of the machine, means for driving 
the mills or cutters including the driven shaft 
and flexible connections therefor with said 
nil is or cutters, a work holder adapted to 
support a cylinder head with compression 
recesses therein of tapered depth, means Sup 
porting said work holder on the overhanging 
head for Swinging movement transversely of 
the path of Swinging movement of the mills 
or cutters, means for simultaneously Swing 
ing the mills or cutters in engagement with 
the walls of the tapered compression recesses, 
and means for swinging the work holder and 
the cylinder head during Swinging move 
ment of the mills or cutters, whereby the 
walls of the tapered compression recesses are 
machined and undercut at the deeper por 
tions of the recesses. 
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33. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a driven shaft journaled on 
said head, a plurality of tool carriers ar 
ranged in line across the front of the over 
hanging head and swiveled thereon to swing 
toward opposite sides of the machine, a mill 
or cutter rotatably mounted on each of the 
Swiveled tool carriers to swing therewith, a 
flexible driving connection between each mill 
or cutter and the driven shaft, a work holder 
adapted to support a cylinder head having 
compression recesses therein of tapered depth, 
means Supporting said work holder on the 
overhanging head for swinging movement 
transversely of the path of Swinging move 
ment of the mills or cutters, means for swing 
ing the tool carriers simultaneously while the 
mills or cutters are engaged with the walls 
of the tapered compression recesses, and 
means for Swinging the work holder and the 
cylinder head during swinging movement of 
the tool carriers, whereby the swinging mills 
or cutters machine the walls of the tapered 
compression recesses and undercut said walls 
at the deeper portions of the recesses. 

34. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a driven shaft journaled on 
said head, a plurality of mills or cutters ar 
ranged in line across the front of the over 
hanging head and swiveled thereon to swing 
toward opposite sides of the machine, means 
for Swinging the swiveled mills or cutters 
simultaneously comprising an element con 
nected therewith and a cam for reciprocating 
said element, a work holder mounted on the 
overhanging head for Swinging movement 
transversely of the path of swinging move 
ment of the swiveled mills or cutters and 
adapted to support and Swing a cylinder 
head having compression recesses therein of 
tapered depth, and means for swinging the 
work holder and cylinder head while the 
Swinging mills or cutters engage the walls of 
the tapered compression recesses, whereby 
said walls are machined and undercut at the 
deeper portions of the recesses. 

35. In a machine of the character de 
scribed, a column or the like having an over 
hanging head, a driven shaft journaled there 
on, a plurality of mills or cutters arranged 
in line across the front of the overhanging 
head and swivelled thereon to Swing toward 
opposite sides of the machine, means for 
driving the mills or cutters including the 
driven shaft and flexible connections there 
for with each of said mills or cutters, means 
for swinging the driven mills or cutters in 
cluding a reciprocating element connected 
therewith, a cam rotatably mounted on the 
overhanging head, and driving connections 
for the cam with said reciprocating element, 
a work holder mounted on the overhanging 
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head to swing transversely of the path of 
Swinging movement of the mills or cutters 
and adapted to support a cylinder head hav 
ing compression recesses therein of tapered 
depth, and means for swinging the work 
holder and the cylinder head while the Swing 
ing mills or cutters engage the walls of the 
tapered compression recesses, whereby said 
walls are machined and undercut at the deep 
er portions of the recesses. 

36. In a machine of the class described, the 
combination of a support having a forward 
ly projecting overhanging head, a cradle 
trunnioned on said head to Swing toward 
and from said support and beneath said head, 
a plurality of tools mounted on said head 
to swing in a plane passing through the trun 
nions of said cradle and automatic means 
simultaneously swinging said cradle and 
tools. 

37. In a machine of the class described, 
the combination of a support having a for 
wardly projecting overhanging head, a cra 
dle trunnioned on said head to swing to 
ward and from said support and beneath 
said head, a plurality of tools mounted on 
said head to swing in a plane passing 
through the trunnions of said cradle, a driven 
shaft on said head, flexible driving connec 
tions between said shaft and each of said 
tools, and automatic means simultaneously 
swinging said cradle and tools. 

38. In a machine of the character de 
scribed, a support, a cradle provided at op 
posite extremities thereof with trunnions 
journaled on the support, a driven cutting 
tool mounted on said support to oscillate on 
an axis extending substantially at right an 
gles to a line passing through said trun 
nions, said cutting tool extending from the 
support into the cradle and intersecting said 
line, and means for Oscillating the cradle and 
the driven cutting tool, whereby said tool 
cuts into and machines work Supported in 
the cradle to oscillate therewith. 

39. In a machine of the character de 
scribed, a support, a cradle provided at op 
posite extremities thereof with trunnions 
journaled on the support, means for Oscil 
lating the cradle, a tool holder mounted 
on said support to oscillate on an axis ex 
tending substantially at right angles to a 
line passing through said trunnions, a driven 
cutting tool mounted on the tool holder to os 
cillate in the cradle and having a longitudi 
nal axis intersecting said line, and means for 
oscillating said tool holder and the driven 
cutting tool during oscillating movement of 
the cradle, whereby said tool cuts into and 
machines work Supported in the cradle and 
oscillating therewith. 
In testimony whereof I have signed this 

specification. 
- JOHN M. CHRISTMAN. 


